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Leishmaniasis	  is	  a	  disease	  caused	  by	  more	  than	  20	  diﬀerent	  species	  of	  protozoan	  parasites	  of	  the	  genus	  Leishmania	  which	  are	  transmiWed	  from	  host	  to	  host	  through	  the	  bite	  of	  sand	  ﬂies.	  Visceral	  leishmaniasis	  is	  
caused	  mainly	  by	  L.	   infantum	  and	   it	   is	   the	  most	  severe	  form	  of	  human	   leishmaniasis,	  with	  an	  es8mated	   incidence	  of	  0.5	  million	  new	  cases	  each	  year	  and	  more	  than	  50,000	  deaths	  a	  year.	  Dogs	  are	  the	  main	  
reservoir	  of	  L.	  infantum	  all	  around	  the	  world	  and	  this	  parasite	  causes	  Canine	  Leishmaniasis	  to	  them.	  
OBJECTIVE	  OF	   THE	   REVIEW:	   Iden8fying	   the	   gene8c	  
factors	   that	  determine	  whether	  a	  dog	   is	  suscep8ble	  
or	  resistant	  to	  Canine	  Leishmaniasis.	  
Rat	  Bcg/Ity/Lsh	  locus	  	  
Background	  
Most	  frequent	  haplotypes	  
	  
TAG-­‐8-­‐141	  à	  Heterozygosity	  =	  
Suscep8bility	  in	  Bòxers	  (50%	  of	  cases)	  
	  
TAG-­‐9-­‐145	  à	  Homozygosity	  =	  	  
Resistance	  in	  Bòxers	  (80%	  of	  controls)	  
Rich	  G's	  region	  	  
-­‐	  Polymorphism	  
-­‐	  From	  7-­‐9	  G's	  (8	  is	  the	  most	  common)	  
-­‐	  No	  independent	  associa8on	  
Promoter	  variaMons	  
GWAS	  
Diﬀerent	  responses	  to	  infec8on	  
L.	  Infantum	  infec8on	  ≠	  Canine	  Leishmaniasis	  
Infec8on	  prevalence	  à	  67	  %	   Disease	  prevalencede	  à	  10	  %	  
Depending	  on	  the	  host	  BREED	  
Podenc	  Eivissenc:	  	  	  	  	  	  	  	  Resistants/Infecteds	  
Bòxers:	  	  	  	  	  	  	  	  Resistants/Infecteds	  
Why?	  
Asymptoma8c	  /	  Resistant	  
Strong	  cellular	  	  immune	  
response	  (IFN-­‐	  γ,	  IL-­‐2,	  TNF)	  
Strong	  humoral	  immune	  response	  
(an8bodies).	  
Simptomà8cs	  /	  Suscep8bles	  
The	  Protein	  
-­‐	  547	  AA	  
-­‐	  12	  Transmembrane	  domains	  (TM)	  
-­‐	   Consens	   transport	   sequence	   (TM8-­‐
TM9)	  
-­‐	  Transporta8on	  of	  divalent	  metals	  
outside	  the	  phagosome	  




Signiﬁcant	  associa8on	  between	  
markers	  of	  chromosomes	  1,	  4	  
and	  20	  
4	  diferent	  haplotypes	  
2	  haplotypes	  of	  ProtecMon	  (CFA	  
1	  i	  CFA	  20)	  
2	  haplotypes	  of	  Risk	  (CFA	  4)	  
Infected	  RESISTANT	  
0	  –	  2	  copys	  of	  protec8ve	  
haplotypes	  
Infected	  SUSCEPTIBLE	   1	  copy	  of	  protectvie	  haplotype	  
at	  most	  
More	  copies	  of	  protec8ve	  
haplotypes	  =	  More	  resistance	  to	  
the	  disease	  
More	  copies	  of	  the	  risk	  
haplotypes	  =	  more	  suscep8bility	  
to	  the	  disease	  
GWAS	  problems	  
	  
-­‐  Reduced	   sample	   size	   in	   most	  
studies,	  low	  sta8s8cal	  power.	  
-­‐  No	  global	  signiﬁcant	  associa8on.	  
-­‐  The	   disease	   is	   very	   complex,	   it	  
involves	   many	   gene8c	   and	  
biological	   factors.	  Diﬃcult	   to	  ﬁnd	  
a	  single	  gene8c	  cause.	  
GWAS	  
-­‐  Slc11a1	   canine	   gene	   analysis	   showed	   the	   associa8on	   between	   haplotype	   8-­‐141-­‐TAG	   and	   disease	  
suscep8bility	  in	  Boxer	  dogs,	  whereas	  homozygous	  haplotype	  9-­‐145-­‐TAG	  seems	  to	  provide	  resistance.	  
-­‐  GWAS	   studies	   have	   reported	   an	   associa8on	  of	   chromosomes	   1,	   4	   and	   20	  with	   the	   disease	   and	   the	  
presence	  of	  four	  diﬀerent	  haplotypes,	  two	  involved	  in	  the	  development	  of	  resistance	  (chromosomes	  1	  
and	  20)	  and	  two	  in	  suscep8bility	  (chromosome	  4)	  .	  
-­‐  Although,	   studies	   have	   failed	   establishing	   a	   single	  major	   gene	   causing	   the	   disease,	   due	   to	   its	   great	  
biological	  complexity.	  
-­‐  It	  is	  necessary	  to	  review	  the	  evidence	  found	  on	  this	  studies,	  because	  the	  pobla8ons	  used	  in	  the	  case	  
control	  studies	  are	  oren	  	  small.	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Exon	  11	  deleMon	  
-­‐	  Elimina8on	  of	  a	  transmembrane	  domain	  
(TM8)	  
-­‐	  Elimina8on	  of	  the	  consensus	  sequence	  of	  
transport	  
-­‐	  Dysfunc8on	  of	  the	  protein	  
-­‐	  Prolifera8on	  of	  the	  parasite	  within	  
macrophages	  
-­‐	  Suscep8bility	  
3	  SNPs	  =	  3	  haplotypes	  
-­‐	  TAA,	  TGA,	  CGA	  
-­‐	  3	  transcrip8on	  factors	  binding	  sites	  
-­‐	  Alter	  the	  expression	  of	  Slc11a1	  
Microsatellite	  in	  intron	  1.	  
-­‐	  5	  diﬀerent	  alleles	  according	  to	  
number	  of	  repe88ons:	  
-­‐	  133,	  137,	  139,	  141	  and	  145	  
-­‐	  No	  independent	  associa8on	  
-­‐	  Resistance	  /	  suscep8bility	  to	  leishmaniasis	  
-­‐	  Regula8on	  of	  the	  intrafagasomal	  parasite	  
replica8on	  within	  macrophages	  
-­‐	  Ac8va8on	  of	  macrophages	  
-­‐	  Pleiotropic	  eﬀects	  of	  an8gen	  presenta8on	  
-­‐	  Chromosoma	  37	  
-­‐	  Total	  9	  kb	  
-­‐	  700	  bp	  promoter	  
-­‐	  15	  exons	  





The	  promoter	  of	  this	  gene	  plays	  a	  main	  role	  
in	   the	   immune	   response	   against	   infec8on	  
by	   Leishmania	   parasites.	   This	   region	   has	  
binding	   sites	   for	   cytokines	   (INF-­‐γ)	   that	  
regulate	  gene	  expression	  of	  Slc11a1	  during	  
the	  ac8va8on	  of	  macrophages.	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Figure	   1.	   SNPs	   iden8ﬁed	   in	  
the	  promoter	  region	  (539	  bp)	  
of	   the	   Slc11a1	   canine	   gene	  
are	  indicated	  in	  bold.	  Binding	  
sites	   of	   transcrip8on	   factors	  
aﬀected	   by	   any	   of	   the	   SNPs	  
are	   indicated	  by	  a	   line	  above	  
the	   consensus	   sequence.	   GR	  
(glucocor8coid	  receptor);	  The	  
site	   of	   EGFR	   (receptor	   site	  
epidermal	   growth	   factor);	  
Sp -­‐1	   ( s im i an	   v i r u s	   40	  
protein-­‐1).	   The	   rich	   G's	  
region	  is	  underlined.	  
Heritability	  of	  the	  Character	  
(Resistance	  /	  suscep8bility)	   h2 = 60%
